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(54) Title: 6-OXYGENATED STEROIDAL ESTROGENS WITH AROMATIC A AND B RINGS 

(57) Abstract: Novel estrogenic compounds of Formula 
(I) are provided, wherein the bond represented by the 
wavy line may be a single or double bond such that when 
the wavy line is a single bond, Ri is selected from the 
group consisting of hydrogen, sulfate and glucoronate or 
other esters, and when the wavy line is a double bond, Ri 
does not exist; R 2 is lower alkyl; R 3 may be selected from 
the group consisting of hydrogen, sulfate, or glucuronide 
or other esters; and R4 through R 13 may independently be 
selected from the group consisting of hydrogen, hydroxy, 
ketone, lower alkyl, lower alkoxy, halogen, and carbonyl 
groups and R M is selected from the group consisting of 
hydrogen, sulfate and glucoronide and other esters. When 
Ri is hydroxy, the hydroxy or ester substituent may have 
either an a or a P orientation. Compositions of matter including compounds of the present invention are also provided as are 
methods of treating mammals in need of treatment using compounds of the present invention. 
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6 -OXYGENATED STEROIDAL ESTROGENS WITH AROMATIC A AND B RINGS 

Cross Reference to Related Application 

This application claims priority to U.S. Provisional Application No. 
60/188,523 filed March 10, 2000, the disclosure of which is hereby incorporated 
herein by reference in its entirety. 
5 Field of the Invention 

The present invention relates to the isolation of estrogenic compounds. 



Background of the Invention 

Women, particularly menopausal and postmenopausal women, often 
1 0 experience a wide variety of conditions and disorders attributable to estrogen 

deprivation. Estrogen deprivation is most often the result of loss of ovarian function. 
Exemplary conditions are hot flashes, dryness of the vagina, including discomfort 
during intercourse, loss of bone mass, increased heart disease and the like. 
Providing dosages of estrogen is an effective agent for the control or 
1 5 prevention of such conditions, particularly in controlling or preventing hot flashes and 
vaginal atrophy, along with retarding or preventing osteoporosis. Estrogen is 
typically administered alone or in combination with a progestin. 

As detailed in U.S. Patent No. Re. 36,247 to Plunkett et al., estrogen alone, 
given in small doses, on a continuous basis, is effective in most patients for the 
20 control of the above symptoms and problems associated therewith. However, 

although the vast majority of women taking continuous low-dose estrogen will not 
have bleeding for many months or even years, there is a distinct risk posed by this 
routine of silently (i.e. exhibiting no overt symptoms) developing "hyperplasia of the 
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endometrium". This term refers, of course, to an overstimulation of the lining of the 
uterus which can become pre-malignant, coupled with the possibility that the patient 
may eventually develop cancer of the uterine lining even under such a low-dose 
regimen (Gusberg et aL, Obstetrics and Gynaecology, 17, 397-412, 1961). 



the symptoms and it is used to this fashion, only about 10% of women will experience 
withdrawal bleeding between the cycles of actual treatment However, one must 
again be concerned by the risk of developing endometrial hyperplasia and by the 

1 0 increased relative risk of developing cancer of the uterus (Research on the 
Menopause: Report of a W.H.O. Scientific Group, 53-68, 1981). 

The addition of progestin for the last 7-10 days of each estrogen cycle may 
virtually eliminate the concern about developing endometrial hyperplasia and/or also 
reduce the risk of developing endometrial carcinoma below that of the untreated 

1 5 general population. However, withdrawal bleeding may occur regularly in this 
routine and this is highly unacceptable to most older women (Whitehead, Am. J. 
Obs/Gyn., 142,6, 791-795, 1982). 

Still another routine for estrogen administration may involve a formulation 
such as those found in birth control pills which contain relatively small doses of 

20 estrogen over the full 20-21 day treatment cycle, plus very substantial doses of potent 
progestins over the same period of time. This routine, of course not only produces 
withdrawal bleeding on each cycle, but is further unacceptable because such 
formulations have been shown to carry an increased risk of developing arterial 
complications, such as stroke or myocardial infarction in older women about the age 

25 of 35-40. This is especially true if the individual is a smoker of cigarettes (Plunkett, 
Am. J. Obs/Gyn. 142,6, 747-751, 1982). There, however, remains a need for novel 
isolated estrogenic compounds. 



5 



Estrogen alone can also be given in cycles, usually 21-25 days on treatment 
and 5-7 days off treatment. Again, if small doses of estrogen are required to control 
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where the bond represented by the wavy line may be a single or double bond such that 
when the wavy line is a single bond, Ri may be selected from the group consisting of 
hydrogen, sulfate and glucoronide or other esters, and when the wavy line is a double 
bond, Ri does not exist; R 2 is lower alkyl; R3 may be selected from the group 
consisting of hydrogen, sulfate, and glucuronide or other esters; and R4 through Rb 
may independently be selected from the group consisting of hydrogen, hydroxy, 
ketone, lower alkyl (Ci to C 4 ), lower alkoxy (d to C4), halogen, and carbonyl groups. 
When Ri is hydroxy, the hydroxy or ester substituent may have either an a or a (3 
orientation, with the p orientation being preferred. R 2 is preferably Q to C4 alkyl, and 
more preferably is methyl. R4 through Rj 2 are preferably hydrogen. R13 is preferably 
hydrogen or ethynyl. R14 is hydrogen, sulfate, or glucoronide and other esters. 

The compound represented by Formula I may be present in chemically pure 
form, namely greater than about 90% pure, preferably greater than about 95% pure, 
and most preferably greater than about 99% pure. 

A preferred compound is illustrated in Formula E: 



CH 3 OH 




n 



OH 



Another preferred compound is illustrated in Formula Hfc 
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In another aspect, the present invention provides a composition of matter* The 
composition of matter comprises a compound according to the present invention. 

In still another aspect the invention provides a method of treating mammals in 
5 need of treatment The method comprises administering an effective amount of a 
composition of matter according to the present invention. Examples of treatments 
that are addressed by the compositions of the invention include vasomotor symptoms, 
atrophic vaginitis, and osteoporosis. 

The invention is described in greater detail with respect to the preferred 
1 0 embodiments set forth hereinbelow. 

Brief Description of the Drawings 

The accompanying drawings which are incorporated in and constitute a part of 
the specification, illustrate embodiments of the invention and, together with the 
1 5 description, serve to explain principles of the invention. 

Figure 1 is a HPLC Chromatogram using chromatographic method 1 showing 
Peaks A and B in the Endeavor 10-Component Conjugated Estrogens drug product; 

Figure 2 is a HPLC Chromatogram using chromatographic method 1 showing 
Peak A in the 17a-Kiihydroequilin sulfate, sodium salt standard; 
20 Figure 3 is a HPLC Chromatogram using chromatographic method 1 showing 

Peak B in the Equilin sulfate, sodium salt standard; 

Figure 4 is a HPLC Chromatogram using chromatographic method 4 showing 
re-injection of Peak A to determine its approximate purity; 

Figure 5 is a low resolution negative ion FAB-MS spectrum of Peak A; 
25 Figure 6 is a full range 400 MHz *H-NMR spectrum of Peak A in do-DMSO; 

Figure 7 is a 400 MHz ! H-NMR spectrum of the aliphatic region of Peak A in 
dg-DMSO; 
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Figure 8 is a 400 MHz l H-NMR spectrum of the aromatic region of Peak A in 
dg-DMSO; 

Figure 9 is a full range 400 MHz 2D COSY ^-NMR spectrum of Peak A in 
d6-DMSO; 

5 Figure 1 0 is a 400 MHz 2D COSY ^-NMR spectrum of the aliphatic region 

of Peak A in d^DMSO; 

Figure 11 is a 400 MHz 2D COSY ^-NMR spectrum of the aromatic region 

ofPeakAindfr-DMSO; 

Figure 12 is a full range 100 MHz 13 C-NMR spectrum of Peak A in d<>- 

10 DMSO; 

Figure 13 is a 100 MHz 13 C-NMR spectrum of the aliphatic region (0-40 

ppm) of Peak A in d^DMSO; 

Figure 14 is a 100 MHz 13 C-NMR spectrum of the aliphatic region (40-80 

ppm) of Peak A in de-DMSO; 
1 5 Figure 15 is a 1 00 MHz 13 C~NMR spectrum of the aromatic region of Peak A 

in d6-DMSO; 

Figure 16 is a full range 2D HMQC spectrum of the correlations of the 
protons and carbons of Peak A in c^-DMSO; 

Figure 17 is a 2D HMQC spectrum of the correlations of the aliphatic protons 

20 and carbons in Peak A in d 6 -DMSO; 

Figure 18 is a 2D HMQC spectrum of the correlations of the aliphatic protons 
and carbons (Zoom-in of Figure 17) in Peak A in d^-DMSO; 

Figure 19 is a 2D HMQC spectrum of the correlations of the aromatic protons 
and carbons in Peak A in cfe-DMSO; 
25 Figure 20 is a full range 2D HMBC spectrum of the correlations of the 

protons and carbons in Peak A in d^-DMSO; 

Figure 21 is a 2D HMBC spectrum of the correlations of the aliphatic protons 
and carbons in Peak A in cfe-DMSO; 

Figure 22 is a 2D HMBC spectrum of the correlations of the aliphatic protons 
30 and aromatic carbons in Peak A in d<s-DMSO; 

Figure 23 is a 2D HMBC spectrum of the correlations of the aromatic protons 
and carbons in Peak A in d^DMSO; 

Figure 24 is a 2D HMBC spectrum of the correlations of the aromatic protons 
and aliphatic carbons in Peak A in d^-DMSO; 
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Figure 25 is a HPLC Chromatogram using chromatographic method 4 
showing re-injection of Peak B to determine its approximate purity; 

Figure 26 is a low resolution negative ion FAB-MS spectrum of Peak B; 

Figure 27 is a full range 400 MHz 'H-NMR spectrum of Peak B in de-DMSO; 
5 Figure 28 is a 400 MHz 'H-NMR spectrum of the aliphatic region of Peak B 

in de-DMSO; 

Figure 29 is a 400 MHz 'H-NMR spectrum of the aromatic region of Peak B 
in de-DMSO; 

Figure 30 is a full range 400 MHz 2D COSY ! H-NMR spectrum of Peak B in 
10 de-DMSO; 

Figure 31 is a 400 MHz 2D COSY 'H-NMR spectrum of the aliphatic region 
of Peak B in de-DMSO; 

Figure 32 is a 400 MHz 2D COSY ! H-NMR spectrum of the aromatic region 
of Peak B in de-DMSO; 
15 Figure 33 is a full range 100 MHz 13 C-NMR spectrum of Peak B in de- 

DMSO; 

Figure 34 is a 100 MHz ,3 C-NMR spectrum of the aliphatic region (0-38 
ppm) of Peak B in de-DMSO; 

Figure 35 is a 100 MHz 13 C-NMR spectrum of the aliphatic region (43-50 
20 ppm) of Peak B in de-DMSO; 

Figure 36 is a 100 MHz 13 C-NMR spectrum of the aromatic region of Peak B 
in de-DMSO; 

Figure 37 is a 100 MHz 13 C-NMR spectrum of the carbonyl region of Peak B 
in de-DMSO; 

25 Figure 38 is a full range 2D HMQC spectrum of the correlations of the 

protons and carbons of Peak B in de-DMSO; 

Figure 39 is a 2D HMQC spectrum of the correlations of the aliphatic protons 
and carbons in Peak B in de-DMSO; 

Figure 40 is a 2D HMQC spectrum of the correlations of the aliphatic protons 
30 and carbons (Zoom in of Figure 39) in Peak B in d$-DMSO; 

Figure 41 is a 2D HMQC spectrum of the correlations of the aromatic protons 
and carbons in Peak B in de-DMSO; 

Figure 42 is a fiill range 2D HMBC spectrum of the correlations of the 
protons and carbons in Peak B in d6-DMSO; 
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Figure 43 is a 2D HMBC spectrum of the correlations of the aliphatic protons 
and carbons in Peak B in d 6 -DMSO; 

Figure 44 is a 2D HMBC spectrum of the correlations of the aliphatic protons 
and aromatic carbons in Peak B in d6-DMSO; 
5 Figure 45 is a 2D HMBC spectrum of the correlations of the aliphatic protons 

and carbonyl carbons in Peak B in d^-DMSO; 

Figure 46 is a 2D HMBC spectrum of the correlations of the aromatic protons 
and carbons in Peak B in d6-DMSO; and 

Figure 47 is a 2D HMBC spectrum of the correlations of the aromatic protons 
1 0 and aliphatic carbons in Peak A in d^-DMSO. 

Detailed Description of the Preferred Embodiments 

The invention will now be described with reference to the embodiments set 
forth herein. These embodiments are intended to illustrate the invention and are not 
15 meant to limit the scope of the invention, which is defined by the claims. 

In one aspect of the present invention, a compound represented by Formula I 
is provided. 




I 



r 



wherein the bond represented by the wavy line may be a single or double bond such 
20 that when the wavy line is a single bond, Ri may be selected from the group 

consisting of hydrogen, sulfate and glucoronide or other esters, and when the wavy 
line is a double bond, R] does not exist; R 2 is lower alkyl; R3 may be selected from 
the group consisting of hydrogen, sulfate and glucuronide or other esters; and R4 
through R13 may independently be selected from the group consisting of hydrogen, 
25 hydroxy, ketone, lower alkyl (Ci to C 4 ), lower alkoxy (Ci to C 4 )> halogen, and 
carbonyl groups. When Ri is hydroxy, the hydroxy or ester substituent may have 
* either an a or a {3 orientation, with the (3 orientation being preferred. R 2 is preferably 
Ci to C4 alkyl, and more preferably is methyl. R4 through R12 are preferably 
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hydrogen. Ri 3 is preferably hydrogen or ethynyl. R14 may be selected from the group 
consisting of hydrogen, sulfate and glucoronide and other esters 

The compound represented by Formula I is present in chemically pure form, 
(i.e., greater than about 90% pure). The compound represented by Formula I is 
5 preferably greater than about 95% pure, and is most preferably greater than about 
99% pure. 

A preferred compound is illustrated in Formula II: 




n 



Another preferred compound is illustrated in Formula HI: 




in 



Compounds of the present invention may be present in a conjugated foam 
The conjugates may be various conjugates understood by those skilled in the art, 
including, but not limited to, glucuronide and sulfate. The most preferred conjugate is 
sulfate. 

1 5 Compounds of the present invention may also be present as various 

pharmaceutically acceptable salts including salts of the conjugated compound. The 
salts may be various salts understood by those skilled in the art, including, but not 
limited to, sodium salts, calcium salts, magnesium salts, Uthium salts, and amine salts 
such as piperazine salts. The most preferred salts are sodium salts. 

20 In another aspect, the present invention provides a composition of matter. The 

composition of matter comprises one or more compounds according to the present 
invention. 
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In one embodiment, the composition of the invention includes at least one 
additional pharmaceutically active ingredient. Examples of additional active 
ingredients include, but are not limited to, other estrogenic compounds, androgenic 
compounds, progestin compounds, vasodilation agents, calcium salts, and vitamin D 
5 and its derivatives (e.g., calcitriol and mixtures and blends thereof) and mixtures and 
blends of the various compounds. 

Examples of estrogenic compounds and compositions are set forth in U.S. 
Patent Application No. 09/524,132 filed on March 10, 2000, which is commonly 
assigned to the assignee of the present invention, the disclosure of which is 

10 incorporated by reference herein in its entirety. Suitable estrogenic compounds 
include estrone, 17cc-estradiol, 17p-estradiol, equilin, 17a-dihydroequilin, 170- 
dihydroequilin, equilenin, 17a-dihydroequilenin, 17(3-dihydroequilenin, A 8,9 - 
dehydroestrone, 17a-A 8,9 -dehydroestradiol, 17P-A 8,9 -dehydroestradiol, ethinyl 
estradiol, estradiol valerate, 6-OH equilenin, 6-OH 17a-dihydroequilenin, 6-OH 173- 

15 dihydroequilenin, and mixtures, conjugates and salts thereof, and the estrogen ketones 
and their corresponding 17a- and 17p-hydroxy derivatives. The estrogenic 
compounds may also be present as conjugated estrogens. The conjugates may be 
various conjugates understood by those skilled in the art, including, but not limited to, 
sulfate and glucuronide. The most preferred estrogen conjugates are estrogen 

20 sulfates. The estrogenic compounds may also be present estrogen conjugates. In one 
embodiment, the estrogenic compounds are present as salts of estrogen conjugates. 
The salts may be various salts understood by those skilled in the art, including, but not 
limited to, sodium salts, calcium salts, magnesium salts, lithium salts, and piperazine 
salts. The most preferred salts are sodium salts. The estrogenic compounds can be 

25 derived from natural and synthetic sources. 

Suitable androgenic compounds include methyltestosterone, androsterone, 
androsterone acetate, androsterone propionate, androsterone benzoate, 
androsteronediol, androsteronediol-3-acetate, androsteronediol-17-acetate, 
androsteronediol-3-17-diacetate, androsteronediol-17-benzoate, androsteronediol-3- 

30 acetate-17-benzoate, androsteronedione, dehydroepiandrosterone, sodium 

ddiydroepiandrosterone sulfate, dromostanolone, dromostanolone propionate, 

ethylestrenol, fluoxymesterone, methyl testosterone, nandrolone phenpropionate, 

nandrolone decanoate, nandrolone furylpropionate, nandrolone cyclohexane- 

propionate, nandrolone benzoate, nandrolone cyclohexanecarboxylate, oxandrolone, 

9 
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oxymetholone, stanozolol, testosterone, testosterone decanoate, 4-dihydrotestosterone, 
5<x-dihydrotestosterone, testolactone, 17a-methyM9-nortestosterone and 
pharmaceutically acceptable esters and salts thereof, and combinations of any of the 
foregoing. 

5 Suitable vasodilation compounds include alpha andrenergic antagonists. 

Exemplary a-adrenergic compounds include phentolamine, phenoxybenzalamine, 
tolazolihe, doxazosin, dibenamine, prazosin, prazosin hydrochloride, 
phenoxybenzaroine and the like. Preferably, phentolamine is used and can form 
pharmaceutically acceptable salts with organic and inorganic acids, as described, for 

10 example, in U.S. Patent No. 6,001,845 to Estok, the disclosure of which is 

incorporated herein by reference in its entirety. Preferably phentolamine mesylate or 
phentolamine hydrochloride is used. Other vasodilation compounds include 
phosphodiesterase type 5 inhibitors (e.g., suldenafi), prostaglandin E compounds (e.g., 
alprostodil), thymoxamine, bromocriptine, yohimbine, paperverine, apomorphine, 

15 organic nitrates, imipramine, verapamil, naftidrofuryl, and isoxsuprine. Combinations 
of the various vasodilation compounds may be used. 

Examples of progestins are set forth in U.S. Patent No. Re. 36,247 to Plunkett 
et al., the disclosure of which is incorporated herein by reference in its entirety. 
Suitable progestin compounds include desogestrel, dydrogesterone, ethynodiol 

20 diacetate, medroxyprogesterone, levonorgestrel, medroxyprogesterone acetate, 

hydroxyprogesterone caproate, norethindrone, norethindrone acetate, norethynodrel, 
allylestrenol, 19-nortestosterone, lynoestrenol, quingestanol acetate, medrogestone, 
norgestrienone, dimethisterone, ethisterone, cyproterone acetate, chlormadinone 
acetate, megestrol acetate, norgestimate, norgestrel, desogestrel, trimegestone, 

25 gestodene, nomegestrol acetate, progesterone, 5a-pregnan-3p,20a-diol sulfate, 5a- 
pregnan-3p,20P-diol sulfate, 5a-pregnan-3 p-ol-20-one, 16, 5a-pregnen-3 p-ol-20-one, 
4-pregnen-20p-ol-3-one-20-sulfete and mixtures thereof 

Calcium salts may include, without limitation, organic acid salts of calcium 
such as calcium citrate, calcium lactate, calcium fumurate, calcium acetate, and 

30 calcium glycerophosphate, as well as inorganic salts such as calcium chloride, 

calcium phosphate, calcium sulphate, and calcium nitrate. 

Pharmaceutically acceptable salts, solvates, hydrates, and polymorphs 

maybe formed of any of the active ingredients employed in the composition of the 

invention. The invention also encompasses embodiments in which the composition of 

10 
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matter defined herein is included in various quantities in combination with known 
pharmaceutical accepted formulations. For example, the composition of matter of 
the invention maybe incorporated into various known estrogen-containing drug 
products such as, Premarin® made commercially available by Wyeth-Ayerst 
5 Laboratories of Philadelphia, Pennsylvania. The composition of matter of the 
invention may also be employed as part of a continuous estrogen-progestin therapy 
regimen such as that described by U.S. Patent No. Re. 36,247 to Plunkett et al. and 
made commercially available as Prempro® and Premphase® by Wyeth-Ayerst 
Laboratories. 

10 The present invention also encompasses pharmaceutically acceptable drug 

products comprising a composition of matter of the present invention and at least one 
pharmaceutically acceptable carrier, diluent, or excipient, the selection of which are 
known to the skilled artisan. The drag product formulations can be in various forms 
such as, for example, tablets; effervescent tablets; pills; powders; elixirs; suspensions; 

15 emulsions; solutions; syrups; soft and hard gelatin capsules; transdermal patches; 

topical gels, creams and the like; suppositories; sterile injectable solutions; and sterile 
packaged powders, sublingual tablets, buccal tablets, and buccal adhesive systems. 

In certain embodiments, the drug product is present in a solid pharmaceutical 
composition that may be suitable for oral administration. A solid composition of 

20 matter according to the present invention may be formed and may be mixed with an 
excipient, diluted by an excipient or enclosed within such a carrier which can be in the 
form of a capsule, sachet, tablet, paper, or other container. When the excipient serves 
as a diluent, it may be a solid, semi-solid, or liquid material which acts as a vehicle, 
carrier, or medium for the composition of matter. 

25 , Various suitable excipients will be understood by those skilled in the art and 
may be found in the National Formulary 19, pages 2404-2406 (2000), the disclosure 
of pages 2404 to 2406 being incorporated herein in their entirety. For example, the 
drug product formulations may include lubricating agents such as, for example, talc, 
magnesium stearate and mineral oil; wetting agents; emulsifying and suspending 

30 agents; binding agents such as starches, gum arabic, macrocrystalline cellulose, 
cellulose, methylcellulose, and syrup; anticaking agents such as calcium silicate; 
coating agents such as methacrylates and shellac; preserving agents such as methyl- 
and propyl hydroxybenzoates; sweetening agents; or flavoring agents. Polyols, 
buffers, and inert fillers may also be used. Examples of polyols include, but are not 
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limited to, mannitol, sorbitol, xylitol, sucrose, maltose, glucose, lactose, dextrose, and 
the like. Suitable buffers encompass, but are not limited to, phosphate, citrate, 
tartarate, succinate, and the like. Other inert fillers which may be used encompass 
those which are known in the art and are useful in the manufacture of various dosage 
5 forms. If desired, the solid formulations may include other components such as 
bulking agents and/or granulating agents, and the like. The drug products of the 
invention maybe formulated so as to provide quick, sustained, or delayed release of 
the active ingredient after administration to the patient by employing procedures well 
known in the art. 

10 To form tablets for oral administration, the composition of matter of the present 

invention may be made by a direct compression process. In this process, the active drug 
ingredients may be mixed with a solid, pulverant carrier such as, for example, lactose, 
saccharose, sorbitol, mannitol, starch, amylopectin, cellulose derivatives or gelatin, and 
mixtures thereof, as well as with an antifriction agent such as, for example, magnesium 

1 5 stearate, calcium stearate, and polyethylene glycol waxes. The mixture may then be 
pressed into tablets using a machine with the appropriate punches and dies to obtain the 
desired tablet size. The operating parameters of the machine may be selected by the 
skilled artisan. Alternatively, tablets for oral administration may be formed by a wet 
granulation process. Active drug ingredients may be mixed with excipients and/or 

20 diluents. The solid substances may be ground or sieved to a desired particle size. A 
binding agent may be added to the drug. The binding agent may be suspended and 
homogenized in a suitable solvent. The active ingredient and auxiliary agents may also 
be mixed with the binding agent solution. The resulting dry mixture is moistened with 
the solution uniformly. The moistening typically causes the particles to aggregate 

25 slightly, and the resulting mass is pressed through a stainless steel sieve having a desired 
size. The mixture is then dried in controUed drying units for the determined length of 
time necessary to achieve a desired particle size and consistency. The granules of the 
Med mixture are sieved to remove any powder. To this mixture, disintegrating, 
antifriction, and/or anti-adhesive agents are added. Finally, the mixture is pressed into 

30 tablets using a machine with the appropriate punches and dies to obtain the desired tablet 

size. The operating parameters of the machine may be selected by the skilled artisan. 

If coated tablets are desired, the above-prepared cores may be coated with a 

concentrated solution of sugar or cellulosic polymers, which may contain gum arabic, 

gelatin, talc, titanium dioxide, or with a lacquer dissolved in a volatile organic solvent, 

12 
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aqueous solvent, or a mixture of solvents. To this coating, various dyes may be added in 
order to distinguish among tablets with different active compounds or with different 
amounts of the active compound present In a particular embodiment, the active 
ingredient may be present in a core surrounded by one or more layers including 

5 enteric coating layers. 

Soft gelatin capsules may be prepared in which capsules contain a mixture of the 
active ingredient and vegetable oil. Hard gelatin capsules may contain granules of the 
active ingredient in combination with a solid, pulverulent carrier, such as, for example, 
lactose, saccharose, sorbitol, mannitol, potato starch, corn starch, amylopectin, cellulose 

1 0 derivatives, and/or gelatin. 

In one preferred embodiment, the formulation is in the form of orally- 
administered tablets which contain the composition of matter of the present invention 
as set forth herein along with the following inactive ingredients: calcium phosphate 
tribasic, calcium sulfate, carnauba wax, cellulose, glyceryl monooleate, lactose, 

1 5 magnesium stearate, methylcellulose, pharmaceutical glaze, polyethylene glycol, 
stearic acid, sucrose, and titanium dioxide. Such ingredients may be present in 
amounts similar to those present in Premarin® (conjugated estrogens tablets, USP) 
made commercially available by Wyeth-Ayerst Laboratories of Philadelphia, 
Pennsylvania. Tablets employing the active ingredients of the invention may contain 

20 excipients similar to those contained in the 0.3 mg., 0.625 mg., and 1.25 mg tablets of 
Premarin® (conjugated estrogens tablets, USP). 

Liquid preparations for oral administration may be prepared in the form of 
syrups or suspensions, e.g., solutions containing an active ingredient, sugar, and a 
mixture of ethanol, water, glycerol, and propylene glycol. If desired, such liquid 

25 preparations may contain coloring agents, flavoring agents, and saccharin. Thickening 
agents such as carboxymethylcellulose may also be used. 

In the event that the above formulations are to be used for parenteral 
administration, such a formulation may comprise sterile aqueous injection solutions, 
non-aqueous injection solutions, or both comprising the composition of matter of the 

30 present invention. When aqueous injection solutions are prepared, the composition of 
matter may be present as a water-soluble pharmaceutical^ acceptable salt Parenteral 
preparations may contain antioxidants, buffers, bacteriostats, and solutes which render 
the formulation isotonic with the blood of the intended recipient Aqueous and non- 
aqueous sterile suspensions may include suspending agents and thickening agents. The 
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formulations may be presented in unit-dose or multi-dose containers, for example sealed 
ampules and vials. Extemporaneous injection solutions and suspensions may be 
prepared from sterile powders, granules and tablets of the kind previously described. 

In a preferred embodiment, the drug product of the present invention is in the 
5 form of an injectable solution containing a predetermined amount (e.g., 25 mg) of the 
composition of matter in a sterile lyphilized cake which also contains lactose, sodium 
citrate, and simethicone. The pH of a solution containing the above ingredients may 
be adjusted using a suitable buffer (e.g., sodium hydroxide or hydrochloric acid). 
Reconstitution may be carried out according to known methods, e.g., using a sterile 
10 diluent (5 mL) containing 2 percent benzyl alcohol in sterile water. A preferred 

injectable solution is similar to Premarin® Intravenous made commercially available 
by Wyeth-Ayerst Laboratories. 

The composition of matter also may be formulated such that it is suitable for 
topical administration (e.g., vaginal cream). These formulations may contain various 
1 5 excipients known to those skilled in the art. Suitable excipients may include, but are 
not limited to, cetyl esters wax, cetyl alcohol, white wax, glyceryl monostearate, 
propylene glycol monostearate, methyl stearate, benzyl alcohol, sodium lauryl sulfate, 
glycerin, mineral oil, water, carbomer, ethyl alcohol, acrylate adhesives, 
polyisobutylene adhesives, and silicone adhesives. 
20 In a preferred embodiment, the drug product is in the form of a vaginal cream 

containing the composition of matter as set forth herein present in a nonliquefying 
base. The nonliquefying base may contain various inactive ingredients such as, for 
example, cetyl esters wax, cetyl alcohol, white wax, glyceryl monostearate, propylene 
glycol monostearate, methyl stearate, benzyl alcohol, sodium lauryl sulfate, glycerin, 
25 and mineral oil. Such composition may be formulated similar to Premarin® Vaginal 
Cream made commercially available by Wyeth-Ayerst Laboratories. 

Dosage units for rectal administration may be prepared in the form of 
suppositories which may contain the composition of matter in a mixture with a neutral 
fat base, or they may be prepared in the form of gelatin-rectal capsules which contain the 
30 active substance in a mixture with a vegetable oil or paraffin oil. 

In another aspect, the present invention relates to methods of treating 
mammals (e.g., man) in need of treatment. The methods include administering an 
effective amount of a composition of matter as defined herein to the mammal in need 

of treatment. The methods may be used for a number of treatments such as, but not 
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limited to, vasomotor symptoms; atrophic vaginitis; osteoporosis; hypoestrogenism 
due to hypogonadism, castration, or primary ovarian failure; breast cancer in selected 
persons with metastatic disease; advanced androgen-dependent carcinoma of the 
prostate; abnormal uterine bleeding; and kraurosis vulvae. The administration may be 

5 cyclic, occurring for one or more short periods of time or courses of treatment (i.e. 
short-term use). Alternatively, the administration may be continuous, occurring over 
extended periods of time (i.e. long-term use). One example of long-term use would 
be from the onset of menopause until death. Cyclic and continuous administration 
may be either uninterrupted or interrupted. Uninterrupted administration occurs one 

10 or more times daily such that there is no break in 

treatment. Interrupted administration occurs other than daily, for example a repeated 
course of treatment including three weeks of daily treatment followed by one week of 
no treatment. 
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Examples 

The present invention will now be described in greater detail with respect to 
the following numbered examples. In the examples, "mL" means milliliter, " 0 C" 
means degrees Celcius, "mM" means millimoles/liter, "M" means moles/liter, "A" 
5 means angstrom, "pm" means micrometer, "nm" means nanometer, "mm" means 
millimeter, "mg" means milligram, and "m/z" means mass to charge ratio. These 
examples are for illustrating the invention and are not intended to limit the invention 

as set forth by the claims. 

A list of instruments and equipment employed in the examples are as follows: 
10 1. HPLC Chromatographic Procedures 

a. Analytical scale chromatographic system 

L HP1 1 00 Diode-array detector 
15 2. HP1 100 Quaternary HPLC pump 

3. Shimadzu, Model RF-55 1, fluorescence detector 

4. HP1 100 Thermostatically controlled column 
compartment 

20 b. Semi-prep scale chromatographic system 

1. HP1 100 HPLC chromatographic system 

2. HP 1 1 00 Diode-array detector 

3. HP1 100 Quaternary HPLC pump 

25 4. HP1 100 Thermostatically controlled column 

compartment 

c. Prep scale chromatographic system 

30 1 . Waters Delta Prep 4000 chromatographic system 

2. Waters 2487 UV detector 

3. Waters fraction collector II 

4. Waters PrepLC 40 mm radial compression assembly 

5. Waters Nova-Pak HR Cig gun radial compression 

35 column segments, (2) 40 mm x 100 mm segments with 

a40 mm x 10 mm guard segment 
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Fraction Collection, Purification, and Crystallization 

a. ISCO Foxy Jr., Fraction Collector 

b. Buchi, Model R- 1 24 rotary evaporator 

c. Sep -Pak, SPE cartridges, Varian Bond Elut C l8 
<L Waters fraction collector H 

Mass Spectral Analyses 

a. Fast Atom Bombardment (FAB-MS) 



1. 


Instrument: VG Analytical ZAB 2-SE 


2. 


Sample input: Cesium ion gun 


3. 


Data system: VG Analytical 11-250J with PDP 




11/73 


4. 


Solvent: Methanol 


5. 


Matrix: Glycerol/TMoglycerol/Triemylanune 



b. High Resolution Mass Spectrometer (HR-MS) 

1 . Instrument: VG Analytical ZAB 2-SE 

2. Sample input: Cesium ion gun 

3. Data System: VG Analytical 1 1-250J with PDP 
11/73 

4. Solvant: Methanol 

5. Matrix: Peak A: PEG 300 & PEG 400 

PeakB: PEG 300 & m-nitrobenzyl 
alcohol 

Chemicals, Reagents, and Analytical Materials 

1 . Chemicals and Reagents 

a. Acetonitrile (ACN), HPLC grade 

b. Methanol (MeOH), HPLC grade 

c. Milli-Q water 

d. Triethylamine (TEA), HPLC grade 

e. fcrt-Butyl ammonium hydroxide (TBAH), 0.4 M, 
reagent grade 

£ Potassium phosphate monobasic, AR grade 

g. Nitrogen gas, zero grade 

h. Phosphoric acid, 85% 

i. Hydrochloric acid, concentrated 
j. Sodium hydroxide 

2. Analytical Samples 

Conjugated estrogens tablets, 1.25mg, FDL lot #00426-064 
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3. Analytical Standards 

a. Conjugated Estrogens Reference Standard (ten 
component), Organics/LaGrange, Inc. (OLG) lot 

5 #C02322 

b. Equilin sulfate, sodium salt, OLG lot#RD1810 

c. Equilin sulfate, sodium salt, Diosynth lot#00004429 

d. 1 7a-Dihydroequilin sulfate, sodium salt, OLG iot# 
RD1812 

10 e. 17a-Dihydroequilin sulfate, sodium salt, Diosynth lot# 

58 

f. A 8,9 -Dehydroestrone, Proquina lot# 9371-1/95 

g. A 8,9 -Dehydroestrone, lot# HS 30/95, supplier unknown 

h. A 8,9 -Dehydroestrone, sulfate + estrone sulfate, sodium 
15 salts, lot# 17-44, supplier unkown 

Examples 1-4 

Isolation of Compounds A and B 

The compounds of Peaks A and B are isolated from a 10~component 
20 conjugated estrogen available from Endeavor Pharmaceuticals of Wilmington, N.C. as 
follows: 



Example 1 

HPLC Chromatographic Assay Method 1 (Analytical scale) 

25 A standard solution containing about 0.03 mg/mL of Conjugated Estrogens 

Drug Substance may be prepared. The drug substance may be provided in powder 
• form or a powder may be formed by grinding tablets. An appropriate amount of drug 
substance is weighed to yield 200 mL of solution. The drug substance is placed in a 
200 ml volumetric flask. A 61 mL volume of organic diluent is added to the flask and 
30 the flask is mechanically shaken for 15 minutes. About 100 mL of aqueous diluent is 
then added to the flask and the flask is once again mechanically shaken for 1 5 
minutes. The resulting solution is diluted to volume with aqueous diluent and mixed 
well. A portion of the solution is filtered through a 0.45 \im PTFE filter. 

A 50 mM phosphate buffer solution may be prepared using potassium 
35 phosphate. 

An aqueous diluent solution containing phosphate buffer and 0.4 M TB AH 
with a volumetric ratio of 277:0.9 may be prepared. The pH can be adjusted to 3.0 ± 
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0.1 using phosphoric acid. 

An organic diluent solution containing acetonitrile and methanol with a 

volumetric ratio of 26.5:4 may be prepared. 
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A mobile phase may be prepared by mixing organic diluent and aqueous 
diluent to form a solution with a volumetric ratio of 30.5:69.5, organic:aqueous. 

When 1.25 mg tablets are to be analyzed, five washed and ground tablets are 
placed into a 200 mL volumetric flask. A 61 mL volume of organic diluent is added 
5 to the flask and the flask is mechanically shaken for 1 5 minutes. About 100 mL of 
aqueous diluent is then added to the flask and the flask is once again mechanically 
shaken for 15 minutes. The resulting solution is diluted to volume with aqueous 
diluent and mixed. A portion of the solution is filtered through a 0.45 \xm PTFE filter. 

In this chromatographic analysis, an HPLC system with a column heater 
10 equipped with a 3 |xm, 15.0 cm x 4.6 mm Cis column and suitable XJV detector for 
detection at 220 nm and diode array was employed. The flow rate was set for 1 .5 
mL/minute and the column temperature was set for 25°C. 

An example of a chromatographic procedure is as follows: Equal volumes of 
the standard solution and the sample preparations were separately injected into the 
1 5 chromatographic systems. Peaks A and B were integrated and evaluated based on the 
peak area response for the chromatogram (area percent). 

Example 2 

HPLC Chromatographic Separation Method 2 (Semi-prep scale) 

20 A Mobile Phase A (aqueous) containing 15 mM TEA in 0.125% concentrated 

HC1 may be prepared by combining 42 mL of TEA with 20 L of water and mixing 
well. To the resulting solution, 25 mL of concentrated HC1 is added and the pH is 
adjusted to approximately 7.0 with 1 N HC1 or 1 N NaOH. 

A Mobile Phase B (organic) containing 15 mM TEA in 0.125% concentrated 

25 HC1 in acetonitrile may be prepared by combining 16.8 mL of TEA with 8 L of 
acetonitrile and adding 10 mL of concentrated HC1. The resulting solution is then 
mixed well. 

A sample for Peak A collection containing a 30 mg/mL solution of 17a- 
dihydroequilin sulfate, sodium salt in mobile phase A may be prepared. 
30 In this chromatographic separation for Peak A collection, a semi-prep scale 

HPLC system equipped with an appropriate fraction collector, a Waters Symmetry 
Cig (7.8 mm x 300.0 mm), 7 nm column, and a suitable UV detector for detection at 
220 nm may be employed. The flow rate may be set for 5 mL/minute, the column 
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temperature may be set to 40°C, and the gradient elution profile may be as follows: 

Time % Mobile Phase 

(Minutes) A B 

5 0.0 83 17 

42.0 83 17 

42.1 50 50 

47.0 50 50 

47.1 83 17 



10 



15 



An example of a chromatographic procedure is as follows: 150 pL portions of 
the sample solution were separately injected into the chromatograph until all of the 
sample solution had been injected. The fraction containing the peak at approximately 
41 minutes was collected and labeled as Peak A. 



Example 3 

HPLC Chromatographic Separation Method 3 (Prep scale) 

A Mobile Phase A (aqueous) containing 60 mM TEA in 0.5% concentrated 
HC1 may be prepared by combining 168 mL of TEA with 20 L of water and mixing 
20 well. To the resulting solution, 100 mL of concentrated HC1 is added and the pH is 
adjusted to approximately 3.0 with 1 N HC1 or 1 N NaOH. 

A Mobile Phase B (organic) containing 60 mM TEA in 0.5% concentrated 
HCI in acetonitrile may be prepared by combining 84 mL of TEA with 10 L of 
acetonitrile and adding 50 mL of concentrated HQ. The resulting solution is then 
25 mixed well. 

A sample solution for Peak A collection containing a 20 mg/mL solution of 
17a-dihydroequilin sulfate, sodium salt in mobile phase A may be prepared. 

A sample solution for Peak B collection containing a 20 mg/mL solution of 
equilin sulfate, sodium salt in mobile phase A may be prepared. 

30 In this chromatographic separation for Peak A collection, a prep scale HPLC 

system equipped with an appropriate fraction collector, two 40 mm x 100.0 mm radial 
compression Cis column segments, a 40 mm x 10 mm guard segment and a suitable 
UV detector for detection at 220 nm with the full scale absorbance set at 4.0 may be 
employed. The flow rate may be set for 50 ml/minute, the temperature is preferably 

35 ambient temperature, and the gradient elution profile may be as follows: 
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Time % Mobile Phase 

(Minutes) A B 

0.0 83 17 

43.0 83 17 

5 43.1 40 60 

52.0 40 60 

52.1 83 17 



In this chromatographic separation for Peak B collection, a prep scale HPLC 
1 0 system equipped with an appropriate fraction collector, two 40 mm x 1 00.0 mm radial 
compression CI 8 column segments, a 40 mm x 10 mm guard segment and a suitable 
UV detector for detection at 220 nm with the full scale absorbance set at 4.0 may be 
employed. The flow rate may be set for 50 mL/minute, the temperature is preferably 
ambient temperature, and the gradient elution profile may be as follows: 

15 

Time % Mobile Phase 

(Minutes) A B 

0.0 80 20 

35.0 80 20 

20 35.1 40 60 

41.0 40 60 

41.1 80 20 

An example of a chromatographic procedure for Peak A collection is as 
25 follows: 10 mL portions of the sample solution for Peak A were separately injected 
into the chromatograph until all of the sample solution had been injected. The 
fraction containing Ihe peak at approximately 39 minutes was collected and labeled as 
Peak A. 

An example of a chromatographic procedure for Peak B collection is as 
30 follows: 10 mL portions of the sample solution for Peak B were separately injected 
into the chromatograph until all of the sample solution had been injected. The 
fraction containing the peak at approximately 29 minutes was collected and labeled as 
PeakB. 

35 Example 4 

HPLC Chromatographic Assay Method 4 (Analytical scale) 

A Mobile Phase A (aqueous) containing 15 raM TEA in 0.125% concentrated 
HC1 may be prepared by combining 4.2 mL of TEA with 2 L of water and mixing 
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well. To the resulting solution, 2.5 mL of concentrated HCI is added and the pH is 
adjusted to approximately 3.0 with 1 N HCI or 1 N NaOH. 

A Mobile Phase B (organic) containing 15 mM TEA in 0.125% concentrated 
HCI in acetonitrile may be prepared by combining 4.2 mL of TEA with 2 L of 
5 acetonitrile and adding 2.5 mL of concentrated HCI. The resulting solution is then 

mixed well. 

A mobile phase may be prepared using a gradient system or by manually 
preparing a mixture of 80% (v/v) Mobile Phase A and 20% (v/v) Mobile Phase B. 
A sample solution containing approximately 0.06 mg/mL conjugated 

1 0 estrogens in mobile phase may be prepared by transferring one 1 .25 mg tablet into a 
25 mL volumetric flask. A 6 mL volume of Mobile Phase B is added to the flask and 
the flask is mechanically shaken for 10 minutes. The resulting solution is diluted to 
volume with Mobile Phase A and then mixed well. A portion of the solution is 
filtered through a 0.45 Jim PTFE filter. 

15 In this chromatographic analysis, an HP1 100 HPLC system with a column 

heater equipped with a 3 pm, 15.0 cm x 4.6 mm Cig column and suitable UV detector 
for detection at 220 nm and diode array was employed. The flow rate may be set for 
1.5 mL/minute and the column temperature may be set for 25°C 

An example of a chromatographic procedure is as follows: Equal volumes of 

20 the standard solution and the sample preparations were separately injected into the 
chromatographic systems. Peaks A and B were integrated and evaluated based on the 
peak area response for the chromatogram (area percent). 

Examples 5 and 6 

25 Characterization of Peaks A and B 

Examples 5 and 6 detail the characterization of Peaks A and B found in the 
Endeavor Pharmaceuticals 10-Component Conjugated Estrogens drug product (Figure 
1). These compounds were also found to be present in certain estrogen standards 
which were evaluated. Peak A was found to be present in the 17a~dihydroequilin 
30 sulfate, sodium salt standard (Figure 2) and Peak B was found to be present in the 

equilin sulfate, sodium salt standards (Figure 3). Due to the simplicity of the standard 
materials, the individual peaks were collected by chromatographic fraction collection 
from the corresponding standard and upon purification, were isolated as yellowish 
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amorphous materials. 

The fractioned samples were analyzed using techniques such as mass 
spectrometry (MS), and one-dimensional (ID) and two-dimensional (2D) nuclear 
magnetic resonance (NMR) spectrometry. Mass spectrometry utilized both low and 
5 high resolution fast atom bombardment mass spectrometry (FAB-MS) to determine 
the accurate molecular weight and empirical formula of the compounds. For the 
NMR analyses, samples were dissolved in deuterated dimethyl sulfoxide ((k-DMSO), 
which permitted the hydroxyl protons to be visible during analysis. NMR techniques 
included H-NMR (proton), C-NMR (carbon), homonuclear correlation 

1 0 spectroscopy (COSY), distortionless enhancement by polarization transfer (DEPT), 
heteronuclear multiple quantum coherence (HMQC), and heteronuclear multiple bond 
correlation (HMBC). 2D COSY analyses helped determine the correlation of 
neighboring protons to one another, while DEPT analyses determined the assignment 
of carbon type. 2D HMQC analyses provided information about what protons are 

1 5 attached to what carbons, and 2D HMBC analyses showed longer range coupling of 
the proton and carbon atoms (usually 2 to 4 bonds away). 

Example 5 

20 Peak A Characterization 

Separation and Isolation 

Peak A was isolated as a triethyl ammonium salt due to the ion-pairing agent 
of the mobile phase of the HPLC chromatographic method described above in 
Example 2. After the fraction was collected, most of the ACN was removed by rotary 

25 evaporation, and the fraction was further concentrated using a C\ g SPE cartridge, 
washed with water, and eluted with approximately 10 mL of methanol. The fraction 
was then brought to dryness under a stream of dry nitrogen. Using the HPLC method 
described in above Example 4, a small portion of the 5.3 mg of Peak A isolated for 
testing by MS and NMR was redissolved in mobile phase and injected into the HPLC 

30 system to determine the purity of the fraction. This injection of Peak A showed a 
purity of about 89% (Figure 4). 

Mass Spectral Analyses 

Preliminary negative ion FAB-MS spectral data of the isolated fraction of 
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Peak A indicated that the molecular weight was approximately 363 m/z (Figure 5). A 
negative ion HR-MS study indicated a mass of 363.0909 amu that compares well with 
the calculated mass of 363.0902 amu for the proposed molecular formula of 
C 18 Hi 9 0 6 Si for Peak A 

5 

Proton ^H) and 2D COSY Nuclear Magnetic Resonance Spectroscopy 

The ^-NMR and the 2D COSY spectra of Peak A in deuterated dimethyl 
sulfoxide (de-DMSO) are shown in Figures 6-8 and 9-11, respectively. The peak 
assignments, based upon the proton NMR spectra and COSY spectral couplings, are 
10 shown in Table 1 and are consistent with the proposed structure of Peak A. 



Carbon fC), 2DHMQC, and 2D HMBC Nuclear Magnetic Resonance 

The 13 C-NMR, HMQC, and HMBC spectra of Peak A in deuterated dimethyl 

sulfoxide (d 6 -DMSO) are shown in Figures 12-15, 16-19, and 20-24, respectively. In 
1 5 Order to collect the data more quickly and with a greater signal to noise ratio, the 13 C- 

NMR spectrum was obtained non-quantitatively, and integrations were not performed. 

Peak assignments based upon the carbon NMR, HMQC, and HMBC spectral 

interpretations are shown in Table 2 and were consistent with the proposed structure 

of Peak A. 2D HMBC data can be more difficult to interpret, since it is possible that 
20 all crosspeaks are not observed. HMBC signals may typically occur with H-C 

connectivities that are 2 to 4 bonds removed, but also can detect some 1 to 2 bond 

connections. 
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Table 1. Summary Table of Proton NMR and COSY Band Assignments 



Chemical Shift 
Tenative 

Assignment 



0,52 
1.17 
1.52 
1.60 
1.73 
2.04 
2.16 
2.27 



Multtplictv* 



s 
t 

m 
m 
m 
m 
m 
m 



3 
9 



Number Of 



COSY 



Protons 



12b 
19 

14. 15b. 16a, 16b 
15a, 15b, 16b 
11a, lib, 12b 
11a, lib, 12a, 18 
14, 15a, 16a 
15a. 16a, 17 



Couplings** 



18 

20 

15a 

6a 

12a 

12b 

15b 

16b 
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2 50 








solvent-DMSO 






111 


i 
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12a. 12b llh 


1 1fl 




3 09 


4 


u 


20 
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3 10 




1 

J. 


15a 15b 


14 

JL • 






ill 


1 

1 


12sl 12b 


lib 




3 17 








OUI V CAAL IVXt/WA X 




D.J J 








oU1VCJ1L**JJL2v 




3 76 
J. /o 


I 


1 

1 




17 
1 / 




4 00 








soivcHt-iviewxi. 


10 


4.50 


d(w) 


1 


17 


17(OH) 




6.62 


s 


1 




7 




7.30 


dofd 


1 


1,4 


2 




7.75 


d 


1 


2 


1 




7.85 


d(w) 


1 


2 


4 


15 


8.90 


bs 


1 




NH 1 " 




9.64 


s 


1 




6(OH) 




* s~singlet, d-doublet, t-triplet, q-quartet, m- 


•multiplet, b-broad, w-weak 




** weaker couplings are underlined 
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Table 2. Summary Table of Carbon NMR, HMQC, and HMBC Peak 








Assignments 






Chemical Shift 


Number Of 


HMQC 


HMBC 




Tenative 










ok 

ZD 


(ppm) 


Carbons 


Couplings 


Couplings 




Assignments 












8.6 


3 


1.17 




20 




15.8 




0.52 


12, 13, 17 


18 


30 


23.4 




2.99,3.13 


8, 9, 13 


11 




24.6 




1.52,2.16 


8, 13, 16 


15 




29.2 




1.73,2.04 


9,11,13,18 


12 




32.9 




1.60, 2.27 


15, 17 


16 




39-40 








solvent-DMSO 




44.4 








13 




44.5 




3.10 


8,9,12,13,15,18 14 




45.7 




3.09 




19 




48.5 








solvent-MeOH 




77.3 




3.76 


13, 15, 18 


17 


40 


107.5 




6.62 


5, 6, 9, 14 


7 




111.7 




7.85 


2, 3, 6, 10 


4 




119.9 








9 




121.5 




7.30 


10 


2 




123.6 




7.75 


3, 5, 9, 10 


1 


45 


123.7 








5 




129.4 








10 




136.0 








8 




149.4 








3 
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150.7 



1 



4.50 
9.64 



13, 16, 17 
5,6,7 



6 

17(OH) 
6(OH) 



10 



15 



20 



25 



30 



ID and 2D NMR Spectral Interpretation 

Peak A is a derivative of dihydroequilenin, which contains five aromatic 
protons and ten aliphatic protons. The 'H-NMR spectrum exhibits die ten expected 
aliphatic protons, but only four main signals were observed in the aromatic region 
(6.5-8.0 ppm) of the 'H-NMR (Figure 8) that corresponded to a 1 : 1 : 1 : 1 ratio. Based 
upon the splitting expected from the proposed structure for Peak A, these signals were 
consistent with a dihydroequilenin based ring structure substituted at one of the 
aromatic protons. The four aromatic ^-NMR signals showed a strong singlet and a 
strong doublet, and a second singlet and doublet, which are weakly split into doublets.. 

Substitution at each of the possible aromatic positions may create a distinct 
splitting pattern. Substitution at the 1 -position may create a single pair of strong 
doublets (H6 and H7) with a strong COSY correlation and a pair of singlets (H4 and 
H2) which may exhibit a weak COSY correlation and be weakly split by each other. 
Substitution at the 2-position may create but a single pair of strong doublets (H6 and 
H7) with a strong COSY correlation and a pair of singlets (H4 and HI). Substitution 
of the aromatic ring system at the 4-position may create a pattern of 2 strong pairs of 
doublets with strong COSY correlations in the spectrum. Substitution at the 6- or 7- 
position may create but a single pair of strong doublets (HI and H2) with a strong 
COSY correlation and a pair of singlets (H4 and H6 or H7). The H4 proton may be 
expected to interact weakly with the H2 proton exhibiting a weak COSY correlation 
and causing the H2 doublet and the H4 singlet to be weakly split by each other. 

Based upon the splitting pattern of the aromatic protons, substitution of the 
hydroxyl group in Peak A may be at either the H6 or H7 position. The pair of 
doublets at 7.75 and 7.30 ppm for HI and H2, respectively, is shown to be adjacent 
from the 2D COSY spectrum (Figure 1 1). H2 and H4 at 7.85 ppm exhibited a weak 



COSY correlation that caused H2 to appear as a doublet of doublets due to splitting 
by both HI and H4; and H4 as a strong singlet weakly split to a doublet. The 
assignments of the corresponding carbons CI, C2, and C4 were based upon the 
HMQC spectra (Figure 19) at 123.6, 121.5, and 111.7 ppm, respectively. The other 
aromatic ring contains only one proton at 6.62 ppm for H6 or H7, which was observed 
as a singlet as expected since no other protons are nearby to cause splitting. The 
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corresponding carbon signal was assigned from the HMQC correlations at 107.5 ppm 
(Figure 19). 

In the 13 C-NMR aromatic region (100-170 ppm) (Figure 15), there were four 
large signals and six smaller signals. Protonated carbons may typically have larger 

5 signals than non-protonated carbons and that was used in differentiating among the 
aromatic carbon atoms. This was verified by observation of only four HMQC signals 
in this region, which occur only for carbons with directly attached protons, in the 
aromatic region (Figure 19). The remaining six aromatic carbon signals did not have 
HMQC peaks, and are therefore, non-protonated. 

0 Two of the six non-protonated signals are shifted downfield to about 150 ppm 

(149.4 and 1 50.7 ppm), which may be typical of aromatic carbon atoms attached to an 
oxygen atom. This fits the proposed structure with the normal 3-position hydroxy 
sulfate ester and the proposed hydroxy! substitution on an aromatic position. The 
HMBC spectrum (Figure 23) shows correlations of the carbon signals at 149.4 ppm to 

5 HI and H4 and the carbon signal at 150.7 ppm to H4 and either H6 or H7. Based 
upon those correlations the signal at 149.4 ppm must be C3. The signal at 150.7 ppm 
must be C6 or the H4 correlation would have been a weak 4~bond correlation. Thus, 
the substitution is at the 6-position and the aromatic proton at 6.62 ppm and the 
aromatic carbon at 107.5 ppm are assigned H7 and C7, respectively. The remaining 

0 four non-protonated carbon atoms (1 19.9, 123.7, 129.4, and 136.0 ppm) match the 
number of bridging non-protonated carbon atoms expected for the proposed structure. 
Assignment of these four signals can be made from HMBC correlations (Figure 23). 
H2 shows a single strong 3-bond correlation to the carbon signal at 129.4 ppm and is 
assigned CIO being the only bridging carbon atom within 3 bonds of H2. HI exhibits 

5 three strong 3-bond correlations at 1 19.9, 123.7, and 149.4 (C3) ppm and one weak 2- 
bond correlation to 129.4 (C 10) ppm. H4 exhibits HMBC correlations to 121.5 (C2), 
129.4 (C10), 149.4 (C3), and 150.7 (C6) ppm. H7 exhibits HMBC correlations to 
aromatic signals at 119.9, 123.7, and 150.7 (C6) ppm. Based upon these correlations, 
the carbon signals at 1 19.9 and 123.7 ppm are for C5 and C9, but their exact 

0 assignments are not yet established. 

There is a single strong signal downfield in the ^-NMR spectrum at 9.64 ppm 

(Figure 8). This region is typical of aromatic phenolic protons and this signal is 

assigned as H6(OH). HMBC spectrum for this proton exhibits correlations at 107.5 

(C7), 123.7, and 150.7 (C6) ppm (Figure 23). Based upon these correlations and the 
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relationships of the other protons the signal at 123.7 ppm must be C5 and thus the 
signal at 1 19.9 ppm must be C9. This leaves only the aromatic carbon signal at 136.0 
ppm unassigned. Thus, the remaining aromatic signal by process of elimination was 
assigned as C8. 

5 The methyl region (0.5 to 1 .5 ppm) of the ^-NMR spectrum (Figure 7) shows 

a strong methyl signal split into a triplet at 1.17 ppm that is indicative of the methyl 
proton (H20) of the triethyl ammonium cation. This signal shows a strong COSY 
correlation to the quartet signal at 3.09 ppm for the protons (H19) of the methylene 
group (Figure 10). The HMQC correlation spectrum (Figure 17) showed 

0 corresponding carbon atoms at 8.6 and 45.7 ppm for C20 and C19, respectively. The 
amine proton (NH*) of the cation was expected to have a ^-NMR chemical shift of 
about 8.0 to 9.5 ppm; however, amines have the problem of slow exchange and often 
are not seen, or are only seen as a small broad peak in this region. The NH proton in 
the ^I-NMR spectrum was observed as a single broad signal at about 8.90 ppm for 

5 this compound (Figure 8). 

In the 13 C-NMR aliphatic region (0-100 ppm) (Figures 13-14), there were 
two strong signals at 8.6 and 45.7 ppm for the triethyl ammonium cation, and eight 
signals for the aliphatic carbons of Peak A. The proposed structure for Peak A 
contains eight aliphatic carbon atoms. The eight aliphatic carbon signals were 

0 observed at 15.8, 23.4, 24.6, 29.2, 32.9, 44.4, 44.5, and 77.3 ppm. Seven of the eight 
signals show HMQC correlations to proton signals (Figures 17-18). Only the carbon 
signal at 44.4 ppm did not exhibit a correlation to any proton signal and was 
considered a bridging carbon. The proposed structure has one bridging aliphatic 
carbon atom, and thus the peak at 44.4 ppm was assigned as C13. The three carbon 

5 signals at 15.8, 44.5, and 77.3 ppm each correlated to a single proton signal whereas 
the other four carbon signals observed at 23.4, 24.6, 29.2, and 32.9 ppm each 
correlated to two proton signals. This may be the case in saturated aliphatic ring 
systems since the two protons of the methylene groups are present in differing 
electronic environments and thus, exhibit different chemical shifts. 

0 Inspection of the three carbon signals with a single proton HMQC correlation 

shows that the signal at 15.8 ppm is in the expected methyl region for C-NMR and 

correlates by HMQC to the proton signal at 0.52 ppm. These protons exhibited the 

expected integration ratio for a methyl group of 3:1 relative to the individual aromatic 

protons and are assigned as H18 based on the chemical shift and the HMQC 
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correlations and is the only methyl group in the proposed structure for Peak A. The 
signal for the carbon atom (C17) attached to the hydroxyl group is expected to shift 
downfield relative to the other aliphatic signals, as described for the aromatic carbon 
signals. Thus, the carbon signal observed at 77.3 ppm was assigned as C17 based 
5 upon chemical shift and the HMQC correlated proton signal at 3.76 ppm was assigned 
as HI 7. There is only one remaining carbon atom with one proton, thus, the signal at 
44.5 ppm was assigned as C14 and the proton signal at 3.10 ppm correlated to it by 
HMQC was H14. 

The remaining four aliphatic carbon signals each exhibited two HMQC 

1 0 correlations to proton signals. The carbon signal at 23.4 ppm correlates to the protons 
at 2.99 and 3.13 ppm. The COSY spectrum (Figure 10) of these two protons show 
that they couple to the proton signals at 1.73 and 2.04 ppm indicating the two sets are 
adjacent The HMQC spectrum (Figure 17) shows these protons both correlate to the 
carbon signal at 29.2 ppm. The carbon signal at 24.6 ppm correlates to the protons at 

15 1 .52 and 2.16 ppm. The COSY spectrum of these two protons show that they couple 
to the proton signals at 1 .60 and 2.27 ppm, indicating the two sets are adjacent. The 
HMQC spectrum shows these protons both correlate to the carbon signal at 32.9 ppm. 
These observations are consistent with the proposed structure of Peak A that has two 
sets of adjacent methylene groups at Cll and C12, and at C15 and C16. 

20 HMBC couplings (Figures 21-22) can be used to ascertain the identity and 

position of each of the four methylene groups. The bridging carbon at 119.9 (C9) 
ppm correlates to only the protons of; the carbon signals at 23.4 and 29.2 ppm (Figure 
22). This observation verifies that the carbon signals at 23.4 and 29.2 ppm must be 
assigned as CI 1 and C12 and that the other two carbon signals at 24.6 and 32.9 ppm 

25 must be assigned as C15 and C16, but their exact assignments have not yet been 

established. The proton at 0.52 (HI 8) ppm shows a HMBC correlation to the carbon 
signals at 29.2, 44.4 (C13), and 77.3 (C17) ppm (Figure 21). Based upon this, the 
carbon signal at 29.2 ppm was assigned as C12 and thus, the carbon signal at 23.4 
ppm must be CI 1 . Based upon the HMQC correlations (Figure 18) of each of these 

30 carbon signals, the proton signals at 2.99 and 3.13 ppm can be assigned as Hlla and 

H12b, respectively, and the protons at 1.73 and 2.04 ppm can be assigned as H12a 

and H12b, respectively. The proton at 3.76 (C17) ppm shows COSY correlations to 

the protons at 2.27 ppm and 4.50 ppm (Figure 10). Based upon the COSY 

correlations of the proton signal at 2.27, it must be adjacent to H17 and thus the 
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carbon signal at 32.9 ppm must be C16 and the carbon signal at 24.6 ppm must be 
CI 5. Based upon the HMQC correlations (Figure 18) of each of the carbon signals, 
the proton signals at L52 and 2.16 ppm can be assigned as H15a and H15b, 
respectively, and the protons at 1 .60 and 2.27 ppm can be assigned as HI 6a and 
5 Hl6b, respectively. The proton at 4.50 ppm adjacent to the 3.76 (C17) ppm proton 
must be HI 7(OH), which would be expect to shift downfield being directly attached 
to an oxygen atom. HMBC correlations of the proton at 4.50 ppm (H17(OH)) exhibit 
correlations to 32.9 (C16), 44.4 (C13), and 77.3 (C17) ppm carbon signals (Figure 
21). Other HMBC correlations are detailed in Table 2 above and are consistent with 
10 the proposed structure of Peak A. 

Additional signals in the proton NMR spectrum (Figures 7-8) were observed 
from water at 3.33 ppm, DMSO at 2.50 ppm, a small amount of methanol at 3.17 and 
4.09 ppm, and other assorted small, unidentified aromatic and aliphatic "impurity" 
signals. 

15 In addition to the expected aromatic and aliphatic signals of Peak A, there are 

two other significant HMQC signals (Figure 17). The solvent (d6-DMSO) was 
observed at 39.5 ppm (HMQC peak at 2.50 ppm), and the methanol was observed at 
48.5 ppm (HMQC peak at 3. 17 ppm). 

Based on the observed NMR data the structure of Peak A corresponds well to 
20 the proposed structure. 



Example 6 
Peak B Characterization 

Separation and Isolation 

25 Peak B was isolated as a triethyl ammonium salt due to the ion-pairing agent 

of the mobile phase of the HPLC chromatographic method described above in 
Example 3. After the fraction was collected, most of the ACN was removed by rotary 
evaporation, and the fraction was further concentrated using a Ci 8 SPE cartridge, 
washed with water, and eluted with approximately 10 mL of methanol. The fraction 

30 was then brought to dryness under a stream of dry nitrogen. Using the HPLC method 
described above in Example 4, a small portion of the 20.2 mg of Peak B isolated for 
testing by MS and NMR was redissolved in mobile phase and injected on the HPLC 
system to determine the purity of the fraction. This injection of Peak B showed a 
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Mass Spectral Analyses 

Preliminary negative ion FAB-MS spectral data of the isolated fraction of 
5 Peak B indicated that the molecular weight was approximately 361 m/z (Figure 26). 
A negative ion HR-MS study indicated a mass of 361 .0744 amu that compares well 
with the calculated mass of 361.0746 amu for the proposed molecular formula of 
CigHnOeSt for Peak B. 

10 Proton (*H) and 2D COSY Nuclear Magnetic Resonance Spectroscopy 

The ^-NMR and the 2D COSY spectra of Peak B in deuterated dimethyl 
sulfoxide (d6-DMSO) are shown in Figures 27 - 29 and 30 - 32, respectively. The 
peak assignments, based upon the proton NMR spectra and COSY spectral couplings, 
are shown in Table 3 and are fully consistent with the structure of Peak B. 



Carbon (* 3 C), 2D HMQC, and 2D HMBC Nuclear Magnetic Resonance 

The 13 C-NMR, HMQC, and HMBC spectra of Peak B in deuterated dimethyl 
sulfoxide (de-DMSO) are shown in Figures 33 - 37, 38 - 41, and 42 - 47, respectively. 
In order to collect the data more quickly and with a greater signal to noise ratio, the 

20 l3 C-NMR spectrum was obtained non-quantitatively, and integrations were not 
performed. Peak assignments based upon the carbon NMR, HMQC, and HMBC 
spectral interpretations are shown in Table 4, and are fully consistent with the 
proposed structure of Peak B< 2D HMBC data can be more difficult to interpret, since 
it is possible that all crosspeaks are not observed. HMBC signals typically occur with 

25 H-C connectivities that are 2 to 4 bonds removed, but also can detect some 1 to 2 
bond connections. 

Table 3. Summary Table of Proton NMR and COSY Band Assignments 
30 Chemical Shift Number Of COSY 
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Table 4. Summary Table of Carbon NMR, HMQC, and HMBC Peak 
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ID and 2D NMR Spectral Interpretation 

Peak B is a derivative of equilenin, which contains five aromatic protons and 
10 ten aliphatic protons. The 'H-NMR spectrum exhibits the ten expected aliphatic 
protons, but only four main signals were observed in the aromatic region (6.5 - 8.0 
ppm) of the T H-]SIMR (Figure 29) that corresponded to a 1 : 1 : 1 : 1 ratio. Based upon the 
splitting expected from the proposed structure for Peak B, these signals were 
consistent with an equilenin based ring structure substituted at one of the aromatic 
15 protons. The four aromatic l H-NMR signals showed a strong singlet and a strong 
doublet, and a second singlet and doublet, which are weakly split into doublets* 

Substitution at each of the possible aromatic positions would create a distinct 
splitting pattern. Substitution at the Imposition would create a single pair of strong 
doublets (H6 and H7) with a strong COSY correlation and a pair of singlets (H4 and 
20 H2) which would exhibit a weak COSY correlation and be weakly split by each other. 
Substitution at the 2-position would create but a single pair of strong doublets (H6 and 
H7) with a strong COSY correlation and a pair of singlets (H4 and HI). Substitution 
of the aromatic ring system at the 4-position would create a pattern of 2 strong pairs 
of doublets with strong COSY correlations in the spectrum. Substitution at the 6- or 
25 7-position would create but a single pair of strong doublets (HI and H2) with a strong 
COSY correlation and a pair of singlets (H4 and H6 or H7). The H4 proton would be 
expected to interact weakly with the H2 proton exhibiting a weak COSY correlation 
and causing the H2 doublet and the H4 singlet to be weakly split by each other. 

Based upon the splitting pattern of the aromatic protons, substitution of the 
30 hydroxyl group in Peak B must be at either the H6 or H7 position. The pair of 

doublets at 7.77 and 7.33 ppm for HI and H2, respectively, is shown to be adjacent 
from the 2D COSY spectrum (Figure 32). H2 and H4 at 7.89 ppm exhibited a weak 
COSY correlation that caused H2 to appear as a doublet of doublets due to splitting 
by both HI and H4; and H4 as a strong singlet weakly split to a doublet. The 
assignments of the corresponding carbons CI, C2, and C4 were based upon the 
HMQC spectra (Figure 41) at 123.7, 121.8, and 11 1.7 ppm, respectively. The other 

34 



WO 01/68669 PCT7US01/07544 

aromatic ring contains only one proton at 6.69 ppm for H6 or H7, which was observed 
as a singlet as expected since no other protons are nearby to cause splitting. The 
corresponding carbon signal was assigned from the HMQC correlations at 106.0 ppm 
(Figure 41). 

5 In the 13 C-NMR aromatic region (100 - 170 ppm) (Figure 36), there were four 

large signals and six smaller signals. Protonated carbons typically have larger signals 
than non-protonated carbons and that was used in differentiating among the aromatic 
carbon atoms. This was verified by observation of only four HMQC signals in this 
region, which occur only for carbons with directly attached protons, in the aromatic 

10 region (Figure 41), The remaining six aromatic carbon signals did not have HMQC 
peaks, and are therefore, non-protonated. 

Two of the six non-protonated signals are shifted downfield to about 150 ppm 
(149.7 and 151.2 ppm), which is typical of aromatic carbon atoms attached to an 
oxygen atom. This fits the proposed structure with the normal 3-position hydroxy 

15 sulfate ester and the proposed hydroxyl substitution on an aromatic position. The 

HMBC spectrum (Figure 46) shows strong correlations of the carbon signals at 149.7 

ppm to HI and H4 and the carbon signal at 151.2 ppm to H4 and either H6 or H7. 

■ 

Based upon those correlations the signal at 149.7 ppm must be C3. The signal at 
1 5 1 .2 ppm must be C6 or the H4 correlation would have been a weak 4-bond 

20 correlation. Thus, the substitution is at the 6-position and the aromatic proton at 6.69 
ppm and the aromatic carbon at 106.0 ppm are assigned H7 and C7, respectively. The 
remaining four non-protonated carbon atoms (120.1, 124.2, 129.4, and 133.3 ppm) 
match the number of bridging non-protonated carbon atoms expected for the proposed 
structure. Assignment of these four signals can be made from HMBC correlations 

25 (Figure 46). H2 showed correlations to the carbon signals at 1 1 1 .7 (C4), 129.4, and 
149.7 (C3) ppm. C10 was the only bridging carbon atom within 3 bonds of H2 and 
was assigned to the carbon signal at 129.4 ppm. HI exhibits correlations at 111 J 
(C4), 120.1, 124.2, 129.4 (C10), 149.7 (C3), and 151.2 (C6) ppm. H4 exhibits 
HMBC correlations to 121.8 (02), 129.4 (C10), 149.7 (C3), and 151.2 (C6) ppm. H7 

30 exhibits HMBC correlations to aromatic signals at 1 1 1.7 (C4), 120.1, 124.2, and 

151.2 (C6) ppm. Based upon these correlations, the carbon signals at 120.1 and 124.2 
ppm must correspond to C5 and C9, but their exact assignments are not yet 
established. 

There is a single strong signal downfield in the ^-NMR spectrum at 9.83 ppm 
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(Figure 29). This region is typical of aromatic phenolic protons and this signal is 
assigned as H6(QH). HMBC spectrum for this proton exhibits correlations at 106.0 
(C7), 124.2, 129.4 (CIO), and 15L2 (C6) ppra (Figure 46). Based upon these 
correlations and the relationships of the other protons the signal at 124.2 ppm must be 
5 C5 and thus the signal at 120.1 ppm must be C9. This leaves only the aromatic 
carbon signal at 133.3 ppm unassigned. Thus, the remaining aromatic signal by 
process of elimination was assigned as C8. 

The methyl region (0.5 to 1.5 ppm) of the ] H-NMR spectrum (Figure 28) 
shows a strong methyl signal split into a triplet at 1.17 ppm that is indicative of the 

10 methyl proton (H20) of the triethyl ammonium cation. This signal shows a strong 
COSY correlation to the quartet signal at 3.10 ppm for the protons (H19) of the 
methylene group (Figure 31). The HMQC correlation spectrum (Figure 39) showed 
corresponding carbon atoms at 8.6 and 45.7 ppm for C20 and C19, respectively. The 
amine proton (NH 4 ) of the cation was expected to have a ! H-NMR chemical shift of 

1 5 about 8.0 to 9.5 ppm; however, amines have the problem of slow exchange and often 
are not seen, or are only seen as a small broad peak in this region. The NH proton in 
the ^-NMR spectrum was observed as a single broad signal at about 8.88 ppm for 
this compound (Figure 29). 

In the 13 C-NMR aliphatic region (0 - 100 ppm) (Figures 34-35), there were 

20 two strong signals at 8.6 and 45.7 ppm for the triethyl ammonium cation, and seven 
signals for the aliphatic carbons of Peak B. The proposed structure for Peak B 
contains seven aliphatic carbon atoms and a ketone carbon. The seven aliphatic 
carbon signals were observed at 12.7, 21.4, 22.9, 28.8, 36.1, 45.9, and 46.9 ppm. 
Carbonyl carbon atoms are known to shift far downfield to above 200 ppm. Figure 37 

25 showed such a signal present at 218.9 ppm and was assigned C17. Six of the seven 
signals show HMQC correlations to proton signals (Figures 39 -40). Only the carbon 
signal at 46.9 ppm did not exhibit a correlation to any proton signal and was 
considered a bridging carbon. The proposed structure has one bridging aliphatic 
carbon atom, and thus the peak at 46.9 ppm was assigned as CI 3. The carbon signals 

30 at 12.7 and 45.9 ppm each coiTelated to a single proton signal, whereas the other four 
carbon signals observed at 21.4, 22.9, 28.8, and 36.1 ppm each correlated to two 
proton signals. This is often the case in saturated aliphatic ring systems since the two 
protons of the methylene groups are present in differing electronic environments and 
thus, exhibit different chemical shifts. 
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Inspection of the two carbon signals with a single proton HMQC correlation 
shows that the signal at 12.7 ppm is in the expected methyl region for 13 C-NMR and 
correlates by HMQC to the proton signal at 0.70 ppm. These protons at 0.70 ppm 
exhibited the expected integration ratio for a methyl group of 3:1 relative to the 
5 individual aromatic protons and are assigned as H18 based on the chemical shift and 
the HMQC correlations and is the only methyl group in the proposed structure for 
Peak B. The remaining carbon atom with one proton was observed at 45.9 ppm was 
assigned as C14. The proton signal at 3.14 ppm correlated to it by HMQC and was 
assigned H14. 

10 The remaining four aliphatic carbon signals each exhibited two HMQC 

correlations to proton signals. The carbon signal at 22.9 ppm correlates to the protons 
at 3.08 and 3.12 ppm. The COSY spectrum of these two protons show that they 
couple to the proton signals at 1 .78 and 2.00 ppm indicating the two sets are adjacent. 
The HMQC spectrum shows these protons both correlate to the carbon signal at 28.8 

1 5 ppm. The carbon signal at 21 .4 ppm correlates to the protons at 1 .88 and 2.39 ppm. 
The COSY spectrum of these two protons show that they couple to the proton signals 
at 2.32 and 2.62 ppm, indicating the two sets are adjacent The HMQC spectrum 
shows these protons both correlate to the carbon signal at 36.1 ppm. These 
observations are consistent with the proposed structure of Peak B that has two sets of 

20 adjacent methylene groups at CI 1 and C12, and at C15 and C16. 

HMBC couplings (Figures 43-44) can be used to ascertain the identity and 
position of each of the four methylene groups. The bridging carbon at 120.1 (09) ppm 
correlates to only the protons of the carbon signals at 22.9 and 28.8 ppm (Figure 44). 
This observation verifies that the carbon signals at 22.9 and 28.8 ppm must be 

25 assigned as CI 1 and C12 and that the other two carbon signals at 21 .4 and 36. 1 ppm 
must be assigned as C15 and C16, but their exact assignments are not yet established. 
The proton at 0.70 (HI 8) ppm shows a HMBC correlation to the carbon signals at 
28.8, 45.9 (014), 46.9 (C13), and 218.9 (C17) ppm (Figure 43). Based upon this, the 
carbon signal at 28.8 ppm was assigned as C12 and thus, the carbon signal at 22.9 

30 ppm must be CI 1. Based upon the HMQC correlations (Figure 40) of each of these 
carbon signals, the proton signals at 3.08 and 3.12 ppm can be assigned as HI la and 
HI lb, respectively, and the protons at 1.78 and 2.00 ppm can be assigned as H12a 
and H12b, respectively. The proton at 3.14(014) ppm shows COSY correlations to 
the protons at 1.88 and 2.39 ppm (Figure 31). Based upon these COSY correlations 
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of the proton signal at 2.14 ppm, it must be adjacent to H14 and thus the carbon signal 
at 21.4 ppm must be CI 5 and the carbon signal at 36. 1 ppm must be C16. Based upon 
the HMQC correlations (Figure 40) of each of the carbon signals, the proton signals at 
1.88 and 2.39 ppm can be assigned as H15a and HI 5b, respectively, and the protons 
5 at 2.32 and 2.62 ppm can be assigned as HI 6a and HI 6b, respectively. Other HMBC 
correlations are detailed in Table 4 above and are consistent with the proposed 
structure of Peak B. 

Additional signals in the proton NMR spectrum (Figures 28-29) were 
observed from water at 334 ppm, DMSO at 2.50 ppm, a small amount of methanol at 

10 3.18 and 4.10 ppm, and other assorted small, unidentified aromatic and aliphatic 

"impurity" signals. In addition to the expected aromatic and aliphatic signals of Peak 
B (Figure 38), methanol was observed at 48.5 ppm (HMQC peak at 3.18 ppm). 

Based on the observed NMR data the structure of Peak B corresponds well to 
the proposed structure. * 

1 5 The present invention has been described herein with reference to its preferred 

embodiments. The embodiments do not serve to limit the invention, but are set forth 
for illustrative purposes. The scope of the invention is defined by the claims that 
follow. 



* 
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THAT WHICH IS CLAIMED ; 

1 . A compound represented by Formula I: 




I 



OR 14 

5 wherein: 

the bond represented by the wavy line may be a single or double bond such 
that when the wavy line is a single bond, Ri is selected from the group consisting of 
hydrogen, sulfate and glucroronate or other esters, and when the wavy line is a double 
bond, Ri does not exist; 
10 R2 is lower alkyl; 

R3 is selected from the group consisting of hydrogen, sulfate, and glucuronide 

■ • 

or other esters; 

R4 through R13 are independently selected from the group consisting of 
hydrogen, hydroxy, ketone, lower alkyl, lower alkoxy, halogen, and carbonyl groups; 
15 and 

Ruis selected from the group consisting of hydrogen, sulfate and glucoronide 
or other esters; 

said compound being present in chemically pure form. 

20 2. The compound according to Claim 1 , wherein said compound is of 

Formula It 




n 
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3. The compound according to Claim 1, wherein said compound is of 
Formula HI: 



4. The compound according to Claim 1, wherein said compound is 
greater than about 95% pure. 

5. The compound according to Claim 1, wherein R 2 is Ci to C4 alkyl, R4- 
R12 are hydrogen and R13 is hydrogen or ethynyl. 

6. The compound according to Claim 1, wherein when R\ is hydroxy, the 
compound has a JJ orientation. 

r 

7. The compound according to Claim 1 in conjugated form. 

8. The compound according to Claim 1 having the following 
physicochemical properties: 

molecular formula of C1&H19O6S; 
^-NMR spectrum as shown in Figure 6; and 
30 13 C-NMR spectrum as shown in Figure 12. 

9. The compound according to Claim 1 having the following 
physicochemical properties: 




in 



25 



OH 



35 



molecular formula of CigHnOsS; 

*H-NMR spectrum as shown in Figure 27; and 

13 C-NMR spectrum as shown in Figure 33. 
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50 



10. A pharmaceutical composition incorporating a compound represented 
by Formula I: 




OR14 



wherein: 



the bond represented by the wavy line may be a single or double bond such 
that when the wavy line is a single bond, Ri is selected from the group consisting of 
hydrogen, sulfate and glucoronate and other esters, and when the wavy line is a 
double bond, Ri does not exist; 

R2 is lower alkyl; 

R3 is selected from the group consisting of hydrogen, sulfate, and glucuronide 
or other esters; 

R4 through Rn are independently selected from the group consisting of 
hydrogen, hydroxy, ketone, lower alkyl, lower alkoxy, halogen, and carbonyl groups; 

R14 is selected from the group consisting of hydrogen, sulfate and glucoronide 
and other esters; 

said compound being present in chemically pure form. 



55 11. The pharmaceutical composition according to Claim 1 0, wherein said 

compound is of Formula II: 



CH 3 OH 




n 



OH 
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12. The pharmaceutical composition according to Claim 10, wherein said 
compound is of Formula HI: 




13. The pharmaceutical composition according to Claim 1 0, wherein said 
compound is greater than about 95% pure. 

14. The pharmaceutical composition according to Claim 1 0, wherein R2 is 
Ci to C4 alkyl, R4-R12 are hydrogen and R13 is hydrogen or ethynyl. 

1 5 . The pharmaceutical composition according to Claim 1 0, wherein when 
Ri is hydroxy, the compound has a 8 orientation. 

1 6. The pharmaceutical composition according to Claim 10, wherein said 
compound is in conjugated form. 

17. The pharmaceutical composition according to Claim 1 0, wherein the 
composition further comprises at least one additional phannaceutically active 
ingredient. 

60 1 8. The pharmaceutical composition according to Claim 1 7, wherein the at 

least one additional phannaceutically active ingredient is selected from the group 
consisting of estrogenic compounds, androgenic compounds, progestin compounds, 
vasodilation agents, calcium salts, and vitamin D and its derivatives, and mixtures and 
combinations thereof. 

65 

1 9. The pharmaceutical composition according to Claim 1 0, wherein said 
compound has the following physicochemical properties: 
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70 



molecular formula of C18H19O6S; 

] H-NMR spectrum as shown in Figure 6; and 

13 C-NMR spectrum as shown in Figure 12. 



75 



20. The pharmaceutical composition according to Claim 10, wherein said 
compound has the following physicochemical properties: 
molecular formula of CisHnOeS; 
l H-NMR spectrum as shown in Figure 27; and 
13 C-NMR spectrum as shown in Figure 33. 



21. A method of treating mammals in need of treatment, said method 
comprising administering an effective amount of a compound represented by Formula 



80 I: 




OR14 

wherein: 

the bond represented by the wavy line may be a single or double bond such 
that when the wavy line is a single bond, Ri is selected from the group consisting of 
85 hydrogen, sulfate and glucoronate or other esters, and when the wavy line is a double 
bond, R) does not exist; 

R 2 is lower alkyl; 

R 3 is selected from the group consisting of hydrogen, sulfate, and glucuronide 
or other esters; 

90 R4 through R13 are independently selected from the group consisting of 

hydrogen, hydroxy, ketone, lower alkyl, lower alkoxy, halogen, and carbonyl groups; 

R M is selected from the group consisting of hydrogen, sulfate and glucoronide 
and other esters; 

95 said compound being present in chemically pure form. 
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22. The method according to Claim 2 1 , wherein said compound is of 
Formula 

H: 




n 



23. The method according to Claim 2 1 , wherein said compound is of 
Formula HI: 




OH 



24. The method according to Claim 21, wherein said compound is greater 
than about 95% pure. 

25. The method according to Claim 21, wherein R2 is Ci to C 4 alkyl, R4- 
R12 are hydrogen and R13 is hydrogen or ethynyl. 

26. The method according to Claim 21, wherein when Ri is hydroxy, the 
compound has a 6 orientation. 

27. The method according to Claim 21, wherein said compound is in 
conjugated form. 
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28. The method according to Claim 21, wherein said compound is 
administered as part of a pharmaceutical composition, said composition further 
comprising at least one additional pharmaceutically active ingredient. 

29. The method according to Claim 28, wherein the at least one additional 
pharmaceutically active ingredient is selected from the group consisting of estrogenic 
compounds, androgenic compounds, progestin compounds, vasodilation agents, 
calcium salts, and vitamin D and its derivatives, and mixtures and combinations 
thereof. 



100 30. The method according to Claim 21, wherein said compound has the 

following physicochemical properties: 
molecular formula of CisHfoOeS; 
! H-NMR spectrum as shown in Figure 6; and 
13 C~NMR spectrum as shown in Figure 12. 

105 

3 1 . The method according to Claim 21 , wherein said compound has the 
following physicochemical properties: 
molecular formula of CigHnCkS; 
^-NMR spectrum as shown in Figure 27; and 
1 10 13 C-NMR spectrum as shown in Figure 33. 
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